Background and Purpose: Information on predictors of long-term change in functional capacity after a rehabilitation program in stroke patients is scant. This study describes the long-term evolution of
M any studies have examined the improvement in symptoms caused by neurological damage and the functional recovery experienced by stroke patients after the acute event. The studies have suggested that recovery reaches its maximal degree within 6 months and that very little change takes place after this interval.1-6 These studies included mainly patients discharged from acute-care facilities and did not provide enough information on the course of disability after the completion of a long-term rehabilitation program.
In current clinical practice stroke survivors enter a rehabilitation program at variable intervals after the acute event. Although it has been suggested that the recovery pattern may change after discharge from rehabilitation, the evolution of disability after the completion of long-term rehabilitation has not been fully understood. Previous studies that have addressed the trajectory of functional ability after the completion of rehabilitation have several methodological limitations. Recovery has usually been assessed only by self-reports of the level of autonomy in performing activities of daily living (ADLs),1,7-11 and very few studies have objectively assessed the evolution of neural damage. 8 No previous research has attempted to relate change in neural impairment over time with change in disability. Baseline functional ability was generally assessed in the hospital, yet was compared with follow-up assessments done after patient discharge. An accurate assessment of disability is possible only after hospital discharge, when the patient in the home environment is confronted with the necessities of daily life.
Previous studies of the postrehabilitation period have also failed to consider the effect of age. Though age is not significantly associated with severity of motor function impairment immediately after stroke, the amount of functional recovery during rehabilitation is lower in older patients.7'12 The influence of age on the pattern of change after rehabilitation can be confounded by the fact that older patients start the postrehabilitation period with a lower functional score.
This article reports results from a postrehabilitation follow-up study of hemiplegic patients and had two related objectives: to describe the evolution of selfreported functional ability over the 6 months after discharge from a rehabilitation unit and to investigate the relation of self-reported functional ability with age, level of neuromotor impairment at discharge, and Lawton-Brody Scale, a higher score indicates a higher level of functioning. Severity of aphasia and self-reported disability in IADLs were assessed only at the baseline examination and at the 6-month follow-up visit.
Internal consistency of the scales used in the study was estimated by computing Cronbach's alpha statistic2324 on the baseline data. The relation of age and level of neural impairment at baseline with the time from the acute event to admission to the study was analyzed by factorial analysis of variance.
For each variable, change over time was tested using a longitudinal random-effects model and employing the approach described by Jennrich and Schluchter.25 Random-effects models were also used to test the effects of age, level of neural impairment at baseline, and evolution of the neural impairment on changes over time in score on the Barthel Index. In these models, age and neural impairment at baseline were considered as fixed effects and the progression of neural status as a time-dependent covariate. A scheme of coding that considered two age groups (<65 versus .65 years) and two levels of neural impairment at baseline (Fugl-Meyer Scale score .50th percentile versus >50th percentile) was used. These models were fitted to the data using the program BMDP 5V, which can handle missing or censored visits via the EM algorithm.26 A within-person covariance structure assuming a constant correlation between observations (compound symmetry) was employed.
In the statistical evaluation of the association of both fixed and time-dependent covariates with the dependent variable (change in score on the Barthel Index over time), these covariates were entered into the model under the null hypothesis that they could be left out of the model without any significant change in prediction of the dependent variable. This hypothesis was tested by a Wald-type 2 statistic.26 The X2 values reported in the figures are also Wald-type x2 statistics.
Results
The mean+SD time from stroke to admission to the rehabilitation unit was 48.9±37.7 (range 10-167) days, and the mean±SD time of stay in the rehabilitation unit was 94.2±36.4 (range 22-183) days; the time from the acute event to admission into the study was 143.0±51.9 (range 45-287) days. In a factorial analysis of variance, none of these times was found to be significantly associated with age or level of neural impairment at baseline.
The Fugl-Meyer, Lawton-Brody, and Barthel instruments were highly reliable, with Cronbach's alpha values of 0.91, 0.87, and 0.88, respectively.
Self-reported disability in ADLs, neural impairment measured by the Fugl-Meyer Scale, performance in mobility tasks, and level of communication in aphasic patients improved significantly during follow-up while self-reported functional ability in IADLs and scores on the Mini-Mental State Exam and line bisection test remained unchanged (Figures 1 and 2) .
Evaluation of the subdomain scores of the FuglMeyer Scale (Figure 3) To verify whether changes in functional disability were related to changes in neural impairment, the Fugl-Meyer scores measured over time were inserted as time-dependent covariates in models testing the change in Barthel Index score. These models were limited to the patients with severe neural impairment at baseline because they were the only groups showing significant change in score on the Barthel Index over time. In both models (Table 3) , change in the Fugl-Meyer score was significantly associated with change in the Barthel Index score. In these models, if neural impairment and functional disability evolve in a parallel way, after adjusting for change in the Fugl-Meyer score, the variable time would no longer be a significant predictor of the Barthel Index score. In the younger group the time effect was not significant, indicating that the change in score on the Barthel Index was entirely explained by changes in Both Figure 4 and Table 3 provide evidence that the relation of changes in the Fugl-Meyer score to changes in the Barthel Index score differed in the two age groups. To test this, a model was constructed including both age groups and incorporating age and agextime terms as independent variables. In this model (not shown), the agextime interaction was significant, indicating that, regarding the ability of change in the Fugl-Meyer score to explain changes in disability, the two age groups are significantly different.
Discussion
In this study, stroke patients with severe neural impairment who were judged to have received the maximum benefit from rehabilitation were shown to improve in functional ability in ADLs after the completion of rehabilitation. This improvement was accompanied by a reduction of the neural impairment measured by the Fugl-Meyer Scale, which consisted mainly of qualitative improvements in volitional movements.
These findings were somewhat unexpected because previous studies have suggested that the reorganization of neurological function occurs within 3-6 months after stroke and that changes beyond this period are negligible.1'5'6'2728 There are, however, several possible explanations for the discrepancy between these studies and the results presented here.
Several studies evaluated patients discharged directly from an acute-care hospital or patients who received physical therapy 2 This study demonstrates several important findings concerning the effect of age. The extent of improvement in functional status was found to be independent of age. This is evident in Figure 4 , which shows similar slopes of change in mean score on the Barthel Index in the two age groups, and in Table 2 , in which the timex age A strong correlation between neuromotor impairment and functional disability in ADLs has been reported in the literature.33 However, two distinct factors contribute to functional recovery in stroke patients: neurological recovery and the patient's capacity to function in his/her environment through adaptation.8934 In this study, a recovery from disability that was greater than the recovery expected given the changes observed in neural impairment was evident only in the older group. In the younger group, all the change over time in the Barthel Index score was "explained" by the change in the Fugl-Meyer score, but in the older group the mean value of both variables increased independently over time.
There are two important areas in need of further study that are relevant to understanding the relation of neurological function and disability: the role played by alternative strategies and the influence of comorbidity. Although a role for "compensatory strategies" is strongly suggested by this and other studies,9'1034 this issue has not been extensively addressed. To study compensatory strategies, which can be physiological, physical, behavioral, environmental, psychological, and social, both precise definitions and specific assessment instruments need to be developed. Future research should be carried out to evaluate the impact on recovery of these strategies, with the eventual goal of designing interventions aimed at promoting their use. Although in younger patients the presence of disability is generally caused by a single, identifiable condition, a decline in function in older adults is often the result of multiple impairments related to the presence of comorbid conditions and their interaction.35 Because the Fugl-Meyer Scale has been specifically constructed to capture the severity of neural impairments related to stroke, it does not consider the presence and severity of impairment in other physiological systems. Further research on the relation between disease-specific impairments and disability in ADLs that takes into account the effects of comorbidity is needed to comprehensively evaluate the role of neural impairment on disability in older persons.
In conclusion, this study has demonstrated a number of previously unreported findings related to stroke recovery. These findings were made possible only because both neurological function and disability were measured with separate instruments. Further research on stroke recovery, especially when aimed at understanding the multiple factors that may influence recovery in older persons, should use this approach.
